Abstract Amniotic membrane as a biocompatible and permi-selective immune barrier was harvested from full-term pregnant bitches and cryopreserved by using Dulbecco's modified Eagle's medium (DMEM) or Minimal essential medium (MEM) 50% medium in glycerol 50% at temperature below freezing À80°C. A defined 3 cm · 3 cm patch in the craniodorsal surface of the bladder was excised and then autografted in 15 apparent healthy mongrel dogs. In the place of excised patches of 27 apparent healthy mongrel dogs, double layers of 4 cm · 5 cm cryopreserved amniotic membranes were implanted. The results of plain and contrast radiography, ultrasonography, blood and urine analysis and histopathology confirmed that urinary bladder surgical defect that replaced by amniotic membrane implant, proved successful revival by normal structural, functional and contractile layers without any growth abnormalities throughout three months period. The successful implantation model of amniotic membrane will encourage its use on human beings for renovation in the surgical management of bladder cancers and restoring damaged or diseased urinary bladders.
Introduction
Treatment of the urinary bladder diseases comprised congenital abnormalities, cancer, trauma, infection, inflammations and iatrogenic injuries [1, 2] . Unfortunately, the previous attempts of urinary bladder substitutes using both natural and synthetic biodegradable materials had been failed due to mechanical, structural, functional or biocompatibility problems [3] [4] [5] [6] .
It was regarded to use the amniotic membrane without any additional component of the placenta due to the chorion pro-voked revascularization and inflammatory reaction in the host tissue which sooner or later caused a rejection phenomenon [7] .
The idea of substitution was to maintain bladder wall integrity, enhance the bladder capacity and decrease intravesical pressure. Amniotic membrane as a substitute for the urinary bladder of dogs was beneficial in regenerative therapy. The biocompatible substitute biomaterial was able to serve as a scaffold for the regeneration of all layers of the urinary bladder [8] .
The present study aimed to prove the efficiency of amniotic membrane implantation as urinary bladder wall substitute and hoping that it will be an acceptable and good model for developing human surgery in this field and his welfare.
Materials and methods
The current research was carried out on 27 healthy mongrel dogs for allografting, 15 dogs for autografting and 5 dogs as a control group, of both genders, aged from 2 to 5 years and weighed from 15 to 20 kg. Further 5 full-term pregnant bitches were verified by ultrasonography examination as stated by [9, 10] . These pregnant dogs were subjected to selective laparo-hysterotomy for harvesting, then preserving and banking of the amniotic membrane. The obtained placentas were immersed in normal saline, containing 100 U/ml penicillin and 0.2 mg/ml streptomycin (Pen & StreptÒ; Norbrook Netherland) and 0.025 mg/ml amphotericin B according to [11, 12] . The amniotic membrane was peeled off chorion and molded on a sterile sheet of nitrocellulose, then preserved in temperature below freezing À80°C [12, 13] .
The amniotic membrane was then harvested by blunt dissection from chorion. The epithelial covering was marked by external knot of mersilk stitch which was laid on the surface of the amniotic membrane. Under strict sterilization serial washing of the membranes in sterile Petri-dishes contained 20 ml normal saline which 100 U/ml penicillin, 0.2 mg/ml streptomycin and 0.025 mg/ml amphotericin were added. During washing the individual membrane was finger rubbed and squeezed of the blood vessels which were done gently to remove excessive blood clots, then kept in a container containing normal saline with antibiotics and antifungal additives for a period of two hours cooling in a refrigerator. This preparation was made according to [12, 13] .
For long-term storage beyond one year; the amniotic membranes were transferred to laboratory in a sterile plastic bag in an ice bucket. Under laminar-flow, the membrane was rinsed several times with normal saline contained antibiotics and antifungal mixture. During immersion the amniotic membranes were molded on a sterile sheet of nitrocellulose membrane NC2 (SERVA-Germany; 5 sheets sized 20 cm · 20 cm with 0.2 lm pores size). The molded membrane sheet was cut into 4 cm · 5 cm pieces as it acquired adhesiveness with the membrane, caution was paid to let the epithelial layer up side. Each cut piece of the molded membrane sheet was put in a plastic sterile Petri-dish contained DMEM 50% (Dulbecco's modified Eagle's medium, Sigma Company) or MEM 50% (Minimal essential medium, Sigma Company), both medium were in a ratio with glycerol 50% (1:1) with antibiotics and antifungal additives. The harvested membranes were preserved in temperature below freezing À80°C by using NuAire-Ultra Low Freezer (USA). The preserved membranes were used as a graft subsequent to thawing in room temperature. This preservation was made with slight modification according to [12, 13] .
Laparo-cystoplasty by autograft and Allograft: The selected dogs were subjected to laparo-surgeries under the effect of general intravenous anesthesia. Premedication was adopted by injecting Atropine sulphate (Atropine sulphate 1%Ò, Adwia Co., SAE, Egypt 0.05-0.1 mg/kg b wt) and xylazine (Xyla-Ject 2%Ò, Adwia Co. SAE, Egypt 1 mg/kg b wt.), then anesthesia was induced using ketamine HCL (KetamineÒ, Sigma-Tec, Egypt 10-15 mg/kg b wt.) and maintained by inhalation of gas mixtures which composed of oxygen and isoflourane in a ratio of 1: 0.5-1.5 with the help of intermittent positive pressure ventilation at 16 time/minute that derived from SurgiVet inhalation apparatus according to [14] . A ventral midline approach in females and ventral midline-paramedian approach in males were adopted for partial laparocystectomy. In the autografted group a defined 3 cm · 3 cm patch in the dorsal surface of the bladder was excised and immediately re-implanted in situ by water tight continuous sutures using vicryl 3/0 (Surgi SorbÒ, Suture Ltd., UK). In the allografted group a defined 3 cm · 3 cm patch in the dorsal surface of an empty and contracted bladder was resected and replaced by double layers of 4 cm · 5 cm preserved amniotic membranes. The first layer was sutured to the bladder wound with simple continuous sutures using vicryl 3/0 and the other layer was applied using 3M Vetbond; n-butyl cyanoacrylate surgical glue (Fig. 1) .
Following augmentation of the amniotic membrane, the augmented bladder was filled with 20-30 ml normal saline via a previously applied polyethylene urinary catheter to test exactness of the graft suturing. Intra abdominal Pen & StreptÒ antibiotic was applied, prior to opposing the laparotomy wound layer by layer using vicryl 2/0. Wounds were cared daily and the skin sutures were removed 10 days postoperative. Systemic antibiotic ceftriaxoneÒ (ceftriaxone sodium 50 mg/kg, IM, Novartis Pharma SAE, Egypt) was daily injected. Dogs were provided with daily balanced diet and fresh clean water ad libitum.
Venous blood and clean catch urine samples were collected at intervals; before surgery, 1, 2 and 3 months postoperatively. BUN and creatinine were estimated in serum and urinalysis included color and turbidity, specific gravity, pH, chemical components and microscopic examination of the cells and solid sediment in the urine were evaluated.
Ultrasonography scanning was applied using B-mode transducers 5.0 MHz convex and 7.5 MHz micro-convex according to [10, 15] .
Conventional and contrast radiography were also performed; urografin 76% and air for double contrast and air alone for negative contrast cystogram were employed. Radiographic views were undertaken for each dog included lateral, ventrodorsal and two oblique projections according to [16] .
Nine dogs of allograft group and five dogs of autograft group were traced and euthanatized after 1, 2 and 3 months. Humane euthanasia and postmortem examination were completed and resection of dorsal surfaces of the bladders including the graft took place.
The resected specimens fixed in formol saline 10% then washed, dehydrated, cleared, embedded in paraffin and sectioned then stained according to [17] . H&E stained sections were examined microscopically.
All data of the study were analyzed statistically using Student paired t-test between two variants [18] .
Results

Clinical findings
The dog's selections were depended on the strategy of clinical criterions that appeared within normal parameters. All the operated dogs were recovered from anesthesia completely and survived along the period of the study without complications and no mortalities were recorded.
During the surgical intervention of the amniotic membrane implantation, the use of surgical glue proved no infection, leakage and tearing. It played a role together with the implanted membrane to arrest hemorrhage of the bladder wound edges and prevented leakage of the augmented bladder.
The operated dogs did not tolerate the polyethylene urinary catheter in the urethra and they tried to remove it during the first three days postoperatively. Hematouria was evidenced at the first days of the operation, where urine became clear at the fifth day postoperatively.
Clinico-pathological findings
Urinalysis of both autografted and allografted dogs at one month in compare to control dogs; they showed change of clearance to be turbid, elevation of the RBCs count about 5-10 cells/hpf, presence of epithelial cells elevation (P2 cells/ hpf), presence of uric acid and presence of sperm cells in males. At two months there were mild observable changes and presence of calcium oxalate (dihydrate). At three months they showed no changes in the physical and chemical characters as well as the microscopic evaluation. Blood urea nitrogen (normal value 8-29 mg/dl) and creatinine values (normal value 0.5-2 mg/dl), these values in both autografted and allografted dogs were statistically of no significant changes (Fig. 2 ).
Ultrasonographic findings
Scanning at the longitudinal plane of the urinary bladders in the autografted dogs after one month revealed presence of echogenic area at the cranio-dorsal wall of the bladder while there was irregularity of craniodorsal wall of the bladder of the allografted dogs after one month ( Fig. 3a and b) . Two months postoperation the autografted dogs revealed homogenous appearance of the dorsal wall and ill demarcated grafted part from the original bladder wall. After two months the allografted dogs showed presence of small hypoechoic thickening at the craniodorsal wall of the bladder (Fig. 3c) . Three months postoperation, the autografted and allografted dogs showed normal homogenous smooth bladder wall appearance with additional presence of double hyperechoic dots at the edges of graft in allografted dogs that indicated remnants of the graft (Fig. 3d ).
Radiological findings
The negative contrast cystography showed normal bladder thickness in control dogs (Fig. 4a) . One month post surgery, the autografted and allografted dogs showed bladder wall thickening and irregularity at the dorsal surface (Fig. 4b) which became milder at two months. At three months, normal bladder appearance in autografted dogs (Fig. 4c) , and allografted dogs were observed (Fig. 4d) . The double contrast cystography showed positive contrast formed a puddle in the dependent portion of the bladder and an identified and uniform normal bladder wall thickness in the control dogs (Fig. 5a ). One and two months after the autografting and the allografting, dogs showed mild bladder wall thickening (Fig. 5b) . After three months, an identical bladder wall thickness in autografted dogs (Fig. 5c) , and the allografted dogs showed adhesion to the omentum (Fig. 5d) .
Pathological findings 3.5.1. Postmortem findings
In the autografted and allografted dogs after one month there was inflamed mucosal lining and thickening of the bladder wall), after two months there was thickened wall of the autograft and after three months, normal appearance of the autografted and allografted bladders were detected (Figs. 6c and 7c). There was adhesion of the allograft to the omentum in most cases. 
Histopathological results
One month subsequent to operations, the autografted and allografted bladders showed regenerating transitional epithelium and subepithelial fibrous connective tissue proliferation as well as regenerating smooth muscle bundles. In the autografted specimens there was infiltration of the mucosa and submucosa with inflammatory cells and highly vascularized submucosal granulation tissue (Fig. 6a) which was characterized by mild inflammatory reaction in the allografted samples (Fig. 7a) . After two months the autografted specimens showed complete proliferated transitional epithelial lining, with regenerated submucosal fibrous connective tissue and full thickness muscle layer and submucosal highly vascularized connective tissue (Fig 6b) . The allografted bladder showed regenerating transitional epithelium over intact amniotic membrane and regenerating smooth muscle bundles (Fig. 7b) . After three months the autografted and allografted bladder revealed regenerating transitional epithelium and full thickness regeneration of the bladder. Presence of remnant of amniotic graft in the allografted group was detected (Figs. 6d and 7d) respectively.
Discussion
The bladder wall substitution had been implemented in the present investigation to maintain bladder wall integrity, enlarge the bladder capacity and reduce intravesical pressure. Also, the substitute biomaterials were supposed to be biocompatible and able to provide as a scaffold for the regeneration of all three layers of the urinary bladder. So that, the study gate was contemplated to look into the utilization of dog's amniotic membrane as a bladder wall substitute and assessment of its implantation by various diagnostic methods including clinical-pathology, ultrasonography, radiology and histopathology.
The target of elective caesarian section of full term pregnant bitches was to avoid those placentas which were obtained from vaginal deliveries or subsequent to premature rupture of the foetal membrane, known to be contaminated with the normal microflora of the vagina and therefore unsuitable for transplantation [19] .
Canine amniotic membrane is transparent membrane, delicate and non immunogenic. It may contain growth factors similar to those of human amniotic membrane that favor epithelial healing, while its basement membrane facilitates the migration of epithelial cells and reestablishes adhesion between basement membrane and new epithelial cells [20] . In addition canine amniotic membrane enhances rapid epithelialization without scar formation and has anti-inflammatory action [20, 21] . The stromal matrix of the membrane contains proteinase inhibitors that promote healing of the epithelium and reduces inflammation [22] and it may regulate the synthesis of chemokines in response to inflammatory mediators, these effects reduce inflammation, neovascularization, and scar formation [13] .
The characteristic features of the amniotic membrane which were obvious during its preparation and application were easy to handle, it adhered to the surface of the organs on which it was applied, it gave an effective control of hemorrhage and it was cheaper than any other commercial splinting product as stated by [7] . In general, cell viability of the amniotic membrane depended on the media composition and storage temperature of the preservation process [23] . It was also compulsory to apply gentle finger membrane rubbing to get rid of the blood which was entrapped in the minute blood vessels of the amniotic membrane to avoid rejection as regarded by [12, 13] .
There was no reaction followed by rejection or early destructure to the graft and death in the allografted dogs [8, 24] who stated that amnion is biocompatible and has a natural low antigenicity which enables it to survive without immune rejection until the host tissues regenerate and replace it. In addition, it is generally thought that the immunogenicity of cryopreserved amniotic membrane tissue is less than that of fresh amniotic membrane tissues and that cryopreserved cells are expected to be nonviable.
The method of preservation which was imparted in the present study made the membrane maintain its morphological characteristics (basement membrane and stromal matrix) and the cellular components had lost. The amniotic membrane cryopreserved with glycerol showed that the membrane retains its morphological characteristics although the cellular components had lost their proliferative capacity and was not viable. The morphology of cryopreserved amniotic epithelium and stroma was well preserved. Concurrently, the cells were severely damaged and they were not able to show any signs of viability either in vital stains or in cell culture. While the amnion epithelium was easily accessible to vital microscopy, the viability of fibroblasts within the stroma had to be quantified by sequential enzymatic digestion and explants cultures. Fibroblasts grow from explants cultures when fresh membranes were used but no outgrowth was detected from cryopreserved membranes even when the observation period was extended to several weeks [13] .
The amniotic membrane played its role in early healing process due to the viable matrix more effective than viable epithelial cells this in agreement with [13, 25] who stated that the viability of amniotic cells was not an important factor. Furthermore, it seemed unlikely that amnion epithelial cells exerted paracrine functions such as continuous secretion of growth factors or expression of adhesion molecules following cryopreservation in 50% glycerol. However, the presence of damaged amnion epithelium served as a feeder layer and facilitated the migration of corneal and conjunctiva epithelia. One possible mechanism involved polypeptide growth factors: Amnion epithelial cells transcribed and contained several growth factors. In addition to these growth factors liberated from damaged amnion cells and in addition were bound to heparin residues within the cell membrane. Furthermore amnion cells contained growth factors belonging to the transforming growth factor as described by [13] . It was recognized in several studies that stromal matrix contained specific compounds that suppressed TGF-beta (transforming growth factor) signaling, proliferation and myofibroblast differentiation and the basement side of the membrane had proved to be an ideal substrate for epithelial progenitor cells [26] . The present study proposed that the matrix of the amniotic membrane, rather than viable amniotic cells, was responsible for these effects. In addition, the results supported the concept that cryopreserved amniotic membrane was a useful experimental model to investigate fundamental aspects of the interaction of bladder surface epithelia with the underlying matrix.
During amniotic membrane implantation procedures; the sutured graft was water tight, similar suture pattern was reported in other studies [8] , but there was a limitation during suturing as the amniotic membrane was a thin structure and had its technical limitations with regards to suturing. A new approach implemented in this study was the use of surgical glue as a substitute for suturing concurrent with [23, 27] , therefore precaution was undertaken during the operation to use double layer of the preserved amniotic membrane; the first inlay layer was sutured water tight with its stromal side facing the serosal surface and the second overlay layer was adhered by surgical glue aiming to seal the minute pores of suture bites. Moreover, the presence of double layer was influencing the healing process; this was in agreement with [28] who stated that the used number of amniotic membrane layers affect the time to complete corneal epithelialization which increased with increasing layers of the amniotic membrane. Also the transplantation commonly used multilayer membrane due to the use of multilayer amniotic membrane reinforced the healing effect of amniotic membrane by amplifying the concentration of useful factors secreted from the stroma [20, 26] .
Urinalysis of the amniotic membrane allografted dogs during the experiment showed no significant changes in comparison to the preoperative values, this indicated that there was no problem with the kidneys and/or urinary system. However, a urinalysis could also provide clues about problems in other organ systems or might indicate the presence of a metabolic disease e.g. diabetes mellitus. The blood urea nitrogen and creatinine of the preoperative allografted groups compared to the postoperative values at one, two and three months revealed insignificant changes. These results are agreed with that mentioned by [29] . In comparison to other used grafts, urinary system impairment has been recorded [30, 31] .
As regard the diagnostic imaging, after elapse of one month in amniotic membrane allografted dogs there were irregularities of craniodorsal part of the wall. Two months post-operation; the amniotic membrane allografted dogs displayed small hypoechoic thickening of the craniodorsal part that is proven by slight thickening at the craniodorsal surface with adhesions to omentum in the negative and double contrasts. This was confirmed by the histopathologic finding indicated regeneration of the transitional epithelium. Three months post-allografting, the bladder displayed normal characteristics after ultrasonographic examination which proved similar to normal bladder appearance as shown in the negative and double contrasts.
The histopathological findings revealed complete and full thickness regeneration of the bladder. Meanwhile, the amniotic membrane allografted dogs displayed normal homogenous smooth bladder wall with presence of double hyperechoic dots at the edges of graft. This indicates remnants of the graft which confirmed by histopathological finding which demonstrate regenerating, hyperplastic transitional epithelium. Presence of a remnant of amniotic graft supports the fact that the membrane acts as scaffold till bladder wall regeneration [6, 13, 32] .
It was worthy in the similar cases to make negative and double contrasts due to they made more visible and defined wall thickness in agreement with [33] who mentioned that positive contrast making more visible mucosal erosion and for detection ruptured bladder and the location of bladder due to contrast easily detected in peritoneum. Conversely free gas within peritoneum but it obscured small calculi due to more opacity of media. In addition to the dose of the contrast media variable according to [16] who stated that the dose of contrast varied according to the individual patient and predicated on a combination of factors, including: objective of the study, patient size and the ability of the bladder to distend and there was no standard dosage for dogs while palpating the bladder during infusion of contrast medium, terminated injection if much resistance was met and the bladder was taut.
The current investigation marked out the early reepithelization to the bladder wall after implantation of the amniotic membrane at the 10th day postsurgery and became complete well formed urothelium at one month that initiated the formation of the other bladder layers; the clarification of the preceding results was depended on the reality of canine amniotic membrane contains growth factors that supported epithelial healing while the basement membrane facilitated the migration of epithelial cells and reestablished adhesion between basement membrane and new epithelial cells, similar to that mentioned by [20, 34] . Additionally, the stromal matrix of the membrane contained proteinase inhibitors that promoted healing of the epithelium and reduced the inflammation [22] who claimed that human amniotic membrane epithelium containing growth factors might survive up to 70 days after cryopreservation. In this study, the factors within the canine amniotic membrane remained because the membrane was used no more than 60 days after preservation as mentioned by [25, 35] . Moreover, the microscopic comparison of autografts and allografts at one month, it was found that the inflammatory cell infiltrations were abundant in autografts than allografts, thus the membrane grafting suppressed the inflammation rather than the rational autografting, this was supported by the finding mentioned that canine amniotic membrane enhanced rapid epithelialization without scar formation and had anti-inflammatory action [20, 21] .
The histopathological examinations had detected this regeneration occurred in a disorganized manner compared to the adjacent layers especially the smooth muscle fibers which began near to the original detrusor muscle as described by [30] . Regarding the regeneration of smooth muscle, it occurred in stepwise progression and appeared to follow the guide of epithelial regeneration. Thus muscle ingrowths were started at the edges of the adjacent normal detrusor and passed through a 10 mm. defect by 4 weeks. Unlike native bladder detrusor, which had well organized muscle layers arranged along the outer serosal aspect of the bladder wall, the newly regenerated smooth muscle was randomly arranged with no clearly organized inner or outer layer. The disorganized manner of smooth muscle fibers regeneration were chiefly related to the physiological movement and the nature of the bladder to expand as a hollow musculo-membranous organ that assumed various form, size, position and the amount of urine it contained. However, the free bladder movement was impeded by its normal fixation by the two lateral and middle ligaments [30] . Moreover similar findings of disorganized smooth muscle regeneration in the xenografted ureters were described by [8] . Regarding the rest layers; the serosal layer was healed from the edges of the cut area in addition to it adhered to the omentum, this was considered promotion of healing process and additional vascular supply besides the normal blood supply of cranial vesical artery and caudal vesical artery They added that, the omentum prevent adhesion with other viscera dorsally, the bladder was in contact with the small intestine (jejunum and ileum) and with the descending colon in the female. In male the deferent ducts laid dorsally to the neck of the bladder whereas in the female the cervix and body of the uterus [6] .
Finally, the present study had demonstrated the regeneration of the urinary bladder layers began from the edges of the bladder wound; this finding was in accordance with [30] . During the healing process, it was noticed that the amniotic membrane acted as splint till the bladder be completely healed and sealed itself with presence of remnant of the grafted membrane, this was in agreement with [28] . These findings reflected the bladder of both autografted and allografted dogs was recovered successfully to the normal structural, functional and contractile layers without any growth abnormalities and metaplastic changes.
On conclusion: The obtained results are in support with the use of the cryopreserved amniotic membrane to be relevant for surgical reconstructive management of some bladder disorders in human beings.
